Abstract. Agent organizations can be seen as a set of entities regulated by mechanisms of social order and created by more or less autonomous actors to achieve common goals. Just like agents, organizations should also be able to adapt themselves to changing environments. In order to develop a theory on how this reorganization should be performed we need a formal framework in which organizations, organizational performance and the reorganization itself can be described. In this paper, we present a formal description of reorganization actions in LAO (Logic for Agent Organization). We show how this formalization can support the preservation of some nice properties of organizations while it can also be used to reason about which reorganization is needed to achieve some basic organizational properties.
Introduction
Multi-Agent System (MAS) researchers increasingly realize that the specification of an organization for a MAS helps coordinating the agents' autonomous behavior [13] . Often, concepts and ideas from Organization Theory (OT) are used to better understand agent organizations and to design more efficient and flexible distributed systems [19, 5, 9] . However, OT concepts tend to be not very formal in a computational perspective, which makes it difficult when moving from using OT as a paradigm towards the definition of precise organizational concepts for the formalization of MAS organizations. Furthermore, even within the area of OT, definitions, views and classifications are not always commonly accepted. This has lead to several attempts by MAS researchers to formalize (parts of) aspects of organizations using several types of modal logics. We base our work in this paper on one of those, the multi-modal logic LAO for agent organizations [7] .
Give the dynamics of environments, agent organizations might become unable to achieve their goals when the environment changes too much. Thus models for agent organizations must also be able to describe how organizations can adapt to their changing environments. We therefore aim to extend LAO to support the specification of a formal model for the study of reorganizations. In this paper, we are especially interested how we can make sure that reorganizations preserve some properties of organizations. E.g. when agents leave, will the organization still have all capabilities minimally needed to achieve its objectives? In order to answer this type of questions the specification of the reorganization itself also needs to be formal such that we can reason very precise about the changes and the differences in the organization before and after the reorganization.
Of course it is also important to reason about when an organization should reorganize and what is the most optimal reorganization for each situation. Because answering these questions properly would need much more space than available here we will suffice with a short discussion at the end of the paper about these aspects.
This paper is organized as follows. In section 2 we describe the main properties of organizations that we would like to preserve or re-establish when reorganizing. It also serves as a very short and informal introduction of LAO. In section 3 formalisms for handling change of organizations are incorporated and we sketch some proof that the reorganization operators preserve some basic organizational properties. Section 4 discusses the issue of deciding on reorganization. Related work is presented in section 5. Finally, section 6 presents our conclusions and directions for future work.
Modeling Organizations
The multi-modal logic LAO has been proposed to formally describe agent organizations in [7] . This section provides a short overview of the elements of LAO that are needed to formally describe reorganization. Due to lack of space, this is not a complete account of LAO, but is meant to give a background for the reorganization operators in the next section. We refer to [7] for all details and full semantics of LAO.
LAO Logic
The semantics of LAO is a conservative extension of ATL (Alternating-time Temporal Logic) as used for instance in [21] to describe cooperative actions between agents. It is given by a Kripke structure which is extended with a semantic description of organizational structures. An organization is a tuple
where As i is the set of agents in the organization, R i is the set of roles of the organization, rea i indicates which agents play which role, ≤ i indicates the power structure of the organization, D i indicates which is the desired state of the organization, Obj i indicates which role needs to realize a certain objective of the organization and K i indicates the knowledge present in the organization. An organization is well-defined iff D i (w) ⊆ r∈Ri Obj i (r, w), i.e. for all desired objectives of the organization there is a role in charge of reaching that objective.
Central to the LAO logic is the notion of action for agents, groups of agents and agents playing roles. Most logics of action start by defining the modal
